Composition of cocoa beans depends on origin and cocoa processing such as fermentation, drying and roasting. However, less research has been conducted to analyse the composition of Peninsular Malaysia cocoa bean at different processing stages. Thus, the purpose of this study was to determine the proximate, phytosterol level, antioxidant content and activity of Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. Analysis involved was proximate analysis, total phenolic compound (Folin-Ciocalteu reagent assay), antioxidant activity (2,2-diphenyl-1-picrylhydrazyl scavenging assay) and phytosterol composition. Results show that the crude fiber of unroasted cocoa beans and cocoa shells increased from 17.19 to 28.45% and 13.86 to 16.06% respectively after roasting process. The roasting process is suspected to increase the dietary fiber content of cocoa products due to the interaction between polysaccharides, protein, polyphenolic and Maillard products at high temperature. The total phenolic content in cocoa bean and cocoa shells ranged from 2.42 to 10.82 µg GAE/ml. The unfermented cocoa beans contain significantly (p < 0.05) higher antioxidant activity (92.3%) compared to other samples. This study shows that cholesterol, stigmasterol and β-sitosterol were present in roasted cocoa beans and cocoa shells. Hence, the information on the composition of Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells are needed to enrich the databases composition as a reference for the cocoa industry.
Introduction
Cocoa bean also refers as Theobroma cacao L. is originated and evolved in the tropical rainforests of the upper Amazon and Orinico River in South America [1] . The cocoa bean consists of the seed coat, shell which encloses the cocoa kernel, cocoa nib and almost solely consists of the two folded cotyledon, and the radicle [2] . Basically, cocoa beans are the primary raw material used in the manufacture of final products intended directly for consumption such as cocoa powder, chocolate bar and other cocoa derivative products which are highly valued by consumers around the world [3] . Malaysia exports cocoa beans, cocoa shell (raw, roasted), cocoa husk (raw, roasted), defatted cocoa paste, cocoa butter, cocoa powder and chocolate to United States of America (USA), Netherland, Japan, Canada, and Germany [4] .
Cocoa beans can be divided into several category based on treatment received. Unfermented cocoa beans are cocoa seeds which are covered with sweet or slightly sour mucilaginous pulp revealed after cocoa pods are broken. The pulp surrounding the cocoa beans is fermented by various microbes including yeasts, lactic acid bacteria, and acetic acid bacteria, and the resulting high temperature and products produced by these microbes, such as the ethanol from yeast, kill the beans and contribute to the flavoring of the chocolate [5] . Unroasted cocoa beans are cocoa beans produced after fermentation and drying process which possess a good brown colour, low astringency, low bitterness, absence of off-flavours such as smokey notes and excessive acidity due to enzymatic and non-enzymatic reactions between seed components [6] . Roasted cocoa beans are cocoa beans produced after roasting treatment. Commonly, roasted cocoa beans used in cocoa-based products manufactured instead of unfermented cocoa beans because of flavor. Research has 1 3 shown that roasted unfermented cocoa beans do not develop any cocoa flavor due to an absent of flavor precursors [7] .
Cocoa bean is a rich source of phenolic compounds have ability to inhibit lipid peroxidation [8] . It has been reported that cocoa beans contain high fat, protein and fiber [6] . Valuable solid fat known as cocoa butter is considered as an important component extracted from cocoa beans [9] . Besides, mineral composition such as copper, magnesium, sodium, phosphorus, potassium and magnesium are also present in cocoa beans [6] . Phytosterol in cocoa beans can improve blood lipid profile by reducing cholesterol absorption in the gut. It had been showed that tocopherol α, γ and δ also present in cocoa beans and they act as strong natural antioxidants to protect organisms from the negative impact of free radicals [10] . Quality of cocoa is determined by a combination of factors which include proper fermentation, dried to the proper moisture level, free from abnormal odours and free from mould contamination.
The composition of cocoa beans can be affected by genotype, soil, climate and harvest condition [7] . It had been reported that the Malaysia (0.05-0.11 mg/g) cocoa beans contain highest phenolic compound followed by Sulawesi (0.05-0.09 mg/g), Ghana (0.03-0.09 mg/g) and Ivory Coast (0.01-0.08 mg/g), results are expressed as ferulic acid equivalents [8] . Other than that, cocoa processing such as fermentation, drying and roasting could change the physical and chemical composition of cocoa beans [11] . A study shows that fermentation of cocoa beans able to reduce the concentration of total polyphenol, o-diphenol and anthocyanin composition of Ghana cocoa beans with increasing pod storage and fermentation time [12] . According to Oracz et al. [10] , roasting process could reduce the fat, tocopherol, phytosterol and antioxidant capacity in Brazil, Ecuador and Indonesia cocoa beans. The change of cocoa composition contributed to the low quality as well as price of cocoa beans.
Malaysia cocoa beans are selected in this study because cocoa is one of the important crop in the economics of Malaysia. It had been reported that cocoa is third major commodity crop in Malaysia after oil palm and rubber [13] . The information on the composition of Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells are needed to enrich the databases composition as a reference for the cocoa industry. Meanwhile the information on the bioactive components like total phenolic and phytosterol compounds diversify potential application of Malaysia cocoa beans. Therefore, the general objectives of this study were to determine the proximate, antioxidant content and activity and phytosterol content of Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells.
Materials and methods

Cocoa beans samples
A batch of 2 kg for each unfermented cocoa and unroasted cocoa beans were purchased from Malaysian Cocoa Board, Cocoa Research and Development Centre, Jengka, Temerloh, Malaysia. Unroasted cocoa beans were roasted for 40 min at 140 °C using oven Memmert [10] . Then, the shells of unroasted and roasted cocoa beans were removed manually before grinded using blender (Panasonic, MX-900M). The unfermented cocoa beans were kept in polypropylene container and stored in a chiller whereas unroasted, roasted cocoa beans and cocoa shells were kept in polypropylene container and stored at room temperature until further use.
Chemicals and standard solutions
Folin-Ciocalteu reagent, gallic acid, sodium carbonate, ethanol were purchased from Merck (Darmstadt, Germany); concentrated sulphuric acid (H 2 SO 4 ), sodium hydroxide (NaOH), boric acid, indicator, mix catalyst, petroleum ether, potassium hydroxide (KOH), sodium sulfate anhydrous (99% purity), HPLC-grade hexane, HPLC-grade methanol, HPLC-grade acetonitrate, diethyl ether, ethyl acetate, methanol were from Fisher Scientific (Lough-borough, UK), cholesterol, stigmasterol, β-sitosterol and 6-ketocholestanol standard were from Cabiochem (Germany), 2,2-diphenyl-2-picrylhydrazyl (DPPH) was from Sigma-Aldrich (St. Louis, MO). All solvent and chemical were of HPLC and analytical grade.
Proximate analysis
The moisture, ash, crude protein, crude fat and crude fiber content in all cocoa samples above were determined following the procedures by James [14] . The results were expressed as a percentage while protein content was determined using N × 6.25 [15] . Carbohydrate was determined using 'by difference' method: % Total carbohydrate = 100 − (% ash + % moisture + %protein + % fat) [16] . All analyses were performed in triplicate and the mean values reported.
Extract preparation for total phenolic and DPPH analysis
About 10 g of samples (unfermented, unroasted, roasted cocoa beans and cocoa shells) were extracted with 80% of ethanol and shaken at room temperature. It was then centrifuged at 3000 rpm for 10 min and the supernatant was filtered using filter paper (Whatman No. 541). The supernatant was re-extracted twice with ethanol, then collected and place it in test tube.
Total phenolic compounds analysis
Folin-Ciocalteau method developed by Singleton and Rossi [17] was used to determine the total phenolic compounds of all the cocoa beans processing stages. The mixture of 0.1 ml ethanol extract, 0.5 ml Folin-Ciocalteau reagent, 1.5 ml of 7.5% w/v Na 2 CO 3 and 7.9 ml distilled water were well mixed after added into the 10 ml of volumetric flask. Then, it was incubated at room temperature for 2 h before the absorbance was read at 765 nm using UV-160A spectrophotometer (Shimadzu Corp., Nagakyo-ku, Kyoto, Japan) against blank sample. A calibration curve with gallic acid as standard was produced. Results were expressed as gallic acid equivalents (GAE). The concentration used was in a range between 5 and 25 µg/ml.
DPPH radical scavenging capacity
The free radical scavenging ability of the samples against DPPH was estimated according to Zzaman et al. [18] . About 500 µl of ethanol extract was mixed with 1 ml of 0.04M ethanolic solution containing DPPH radicals then shaken vigorously. Then, the mixture was left for 30 min at room temperature in the dark. The absorbance was measured at 517 nm using UV-160A spectrophotometer (Shimadzu Corp., Nagakyo-ku, Kyoto, Japan). DPPH without extract was used as control. The scavenging effect was measured based on the percentage of DPPH radical scavenging activity as following equation:
Determination of phytosterol
The oil used in the analysis was obtained from unfermented, unroasted, roasted cocoa beans and cocoa shells during 8 h extraction with hexane in Soxhlet apparatus. Then, sterol was extracted [19] . About 200 g of oil added into 250 µl of solution of 6-ketocholestanol (1260 µg/ml) in hexane as internal standard and 2 ml of 2 M KOH in methanol in a 250 ml of round-bottomed flask. The mixture of oil and 6-ketocholestanol was heated under reflux at 90 °C for 1 h. After cooling at room temperature, 4 ml of water and 4 ml of ethyl acetate were added to the mixture and vortex-mixed. After phase separation, the aqueous phase was washed three times with diethyl ether. Finally, the diethyl ether solution was dried on sodium sulphate anhydrous, filtered and then dried with a nitrogen stream. Then 1 ml HPLC-grade hexane Scavenging effects (%) = 1 − absorbance sample (517 nm) absorbance control (517 nm) × 100
was added in the dried sample and spiked with 250 µl of internal standard. 20 µl of this extract was injected into the HPLC system (Model LC-20AT, Shimadzu, Kyoto, Japan) attached with UV-spectrophotometric detector (Model CTO-6A, Shimadzu, Kyoto, Japan), LC-10AT VP pump, a Rheodyne 7725i injector and a 20 µl sample loop, and under isocratic conditions with a mixture of acetonitrile-methanol (70:30 v/v) at a flow rate of 1.2 ml/min, a Bondapak column (3.9 mm × 300 mm; Waters, Milford, MA, USA) and UV detection was 205 nm.
Statistical analysis
Analysis of variance (ANOVA) was applied for every test. T-Tukey test was applied with significance level at p < 0.05. Anova analysis was performed using the Minitab 16 (Mtb EXE.Ink, USA, 2011).
Results and discussion
Proximate analysis
Fat content Figure 1 shows the percentage of fat content in Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. The result shows that the fat content varied between the samples. Fat content of unroasted cocoa beans (42.65%) was significantly (p < 0.05) higher compared to roasted cocoa beans (30.00%), unroasted cocoa shells (4.87%), roasted cocoa shells (3.09%) and unfermented cocoa beans (0.32%). Fat is an important macromolecules in cocoa production as it acts as quality index for cocoa processor during purchasing of unroasted cocoa beans [6] . In addition, Oracz et al. [10] stated that the cocoa butter is a natural fat highly valued due to its specific textural characteristics and bioactive compounds. Aremu et al., [1] stated that Nigerian unroasted cocoa beans contain 42.20% of fat which is similar with this study. It has been reported that fat content of West African unroasted cocoa beans ranged from 56 to 58% [6] . Another study shows that fat content of unroasted cocoa beans decrease when pod storage increase due to the breakdown of triglyceride into free fatty acid by lipase [20] . In addition, ICCO [2] stated that the fat content of cocoa beans was also related to type of bean, fermentation and drying process. Furthermore, our findings show that the fat content in roasted cocoa beans (30%) was significantly (p < 0.05) lower compared to unroasted cocoa beans (42.66%). It is suspected that fat content of unroasted cocoa beans is reduced during roasting due the migration of fat from the nibs into the shell. However, the diffusion of fat from nibs into shells can be reduced by applying high relative air humidity during roasting which can form free space between the kernel and shell that prevent absorption of fat by the shells [21] .
Moisture content
Moisture content is a measurement mostly used in processing, preservation and storage food because it can indicate the shelf life of foods [22] . Figure 2 shows the percentage of moisture content of Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. Among the samples, the moisture content was significantly higher (p < 0.05) in unfermented cocoa beans (51.63%) than roasted cocoa shells (4.32%) and roasted cocoa beans (2.45%). According to Afoakwa et al. [6] , the acceptable limits of moisture content in cocoa beans for long term storage was ranged from 6 to 7%. It has been reported that low moisture (< 7%) content cocoa beans can stop microbial and enzymatic reaction thus safe for storage [6] .
According to Bertazzo et al. [11] , the moisture content of Caracas unroasted cocoa beans were 6.63% which is lower than in this study. It had been reported that cocoa beans dried using artificial drying method contain lower moisture (4.50%) compared to cocoa beans dried using natural drying method (7.00%) [23] . However, Zzaman and Tajul [18] , reported that Maillard reaction best occurs during high temperature and low moisture content of cocoa beans. They also stated that Maillard reaction occurred during roasting led to physical, chemical, structural, sensorial changes and then develop the flavor, brown color and texture of roasted beans. This study also shows that moisture content of unroasted cocoa beans and cocoa shells reduced from 5.72 to 2.44% and 13.13 to 4.32% respectively after roasting process. This finding was similar to Krysiak [24] who discovered that moisture content of unroasted cocoa beans reduced from 5.20 to 1.97% after roasting process.
Ash content
It has been reported that ash content can be referred as minerals content in some foods [25] . Figure 3 shows the percentage of ash content of Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. The ash content of all the cocoa samples ranged from 3.25 to 11.67%. This study shows that the ash content was significantly (p < 0.05) higher in roasted cocoa shells (11.67%) followed by unroasted cocoa shells (9.93%), unfermented cocoa beans (3.95%), roasted cocoa beans (3.36%) and unroasted cocoa beans (3.26%). According to Arlorio et al. [26] , the ash content of Italian roasted cocoa shells was 2.43% which was much lower than roasted cocoa shells in this study (11.67%). It proves that the amount of ash content in Malaysia roasted cocoa shell was higher (11.67%) than Italian roasted cocoa shells 2.43%. It has also been reported that the geographic region can affect the mineral composition of some fruits [27] . Moreover, our finding shows that the ash content of unroasted cocoa shells (9.93%) was significantly (p < 0.05) higher than the unfermented cocoa beans (3.95%). This might be due to accumulation of low molecular weight mineral in unroasted cocoa shell produced from the breakdown process of high molecular weight mineral by microorganisms during fermentation [28] . In addition, the ash content of cocoa beans was reduced from 3.95 to 3.25% after fermentation and drying process. The result was consistent with Afoakwa et al. [6] , who found the decreased of ash content from 3.5 to 2.9% after fermentation and drying process.
Crude fiber content
Crude fiber in plant or food is an indication of the level of non-digestible carbohydrate and lignin [22] . Figure 4 shows the percentage of crude fiber in Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. The crude fiber content in Malaysia beans and shells ranged from 13.86 to 28.45%. The results show that the crude fiber of roasted cocoa beans (28.45%) was significantly (p < 0.05) higher than the unfermented cocoa beans (19.14%), unroasted cocoa beans (17.19%), roasted cocoa shells (16.06%) and unroasted cocoa shells (13.86%). According to Aremu et al. [1] , Nigeria unroasted cocoa beans contain 5.60% of fiber which was lower than Malaysia unroasted cocoa beans (17.19%). It is stated that the different type of beans and the quality of cocoa processes can affect the crude fiber content [2] . Therefore, Malaysia unroasted cocoa beans can be considered as suitable alternative fiber sources for human diet compared to Nigeria unroasted cocoa beans. According to Coimbra and Jorge [25] , the consumption of high dietary fiber food regularly related to reduce risk of several pathologies.
Our finding shows that the crude fiber of unroasted cocoa beans and cocoa shells increased from 17.19 to 28.45% and 13.86 to 16.06% respectively after roasting process. This finding was consistent with Redgwell et al. [29] , who stated that the roasting processes had increased the dietary fiber content of cocoa products due to the interaction between polysaccharides, protein, polyphenolic and Maillard products at high temperature (150 °C).
Crude protein content
It had been reported that crude protein content can be referred as nitrogen concentration in some foods [22] . Figure 5 shows the percentage of protein content in Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. The crude protein was significantly (p < 0.05) higher in unroasted cocoa shells (27.43%) followed by roasted cocoa shells (25.07%), unroasted cocoa beans (22.54%), roasted cocoa beans (19.91%) and unfermented cocoa beans (9.47%). Protein is an important macromolecules in cocoa beans because it contributes to the flavor development during roasting through Maillard reaction [30] . According to Serra Bonvehi [31] , Ecuador unroasted cocoa shells contain 17.6% of protein which was lower than Malaysia unroasted cocoa shells (27.43%). However, Aremu et al. [1] , stated that Nigeria unfermented cocoa beans contain 17.50% of protein which was higher than Malaysia unfermented cocoa beans (9.47%) found in this study. It had also been reported that protein content of cocoa beans and cocoa shells can be affected by type of soil, climate, harvest condition and cocoa beans processing [11] .
Our finding shows that protein content of unfermented cocoa beans increased from 9.47 to 22.54% after fermentation and drying process. This finding was similar to Aremu et al. [1] , who stated that protein content of Nigeria unfermented cocoa beans increased from 17.50 to 19.80% after fermentation and drying process. This might be due to the increased of microbial mass which produce nitrogen during growing thus increased the protein content [1] . In contrast, crude protein in Ghana unfermented cocoa beans decreased after fermentation and drying process because those processes lead to the protein breakdown into amino acid and peptides as well as losses by diffusion [6] . In addition, protein content of Malaysia unroasted cocoa beans and cocoa shells decreased from 22.54 to 19.91% and 27.43 to 25.07% respectively after process of roasting. It shows that heat applied during roasting and interaction between carbonyl group of reducing sugar and free amino acid from protein in Maillard reaction reduced the protein content [32] .
Carbohydrate content
Carbohydrate is an important macronutrient in cocoa beans because it is used during fermentation and roasting process to produce flavor processor and cocoa flavour [18] . Figure 6 shows the percentage of carbohydrate of Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. Our finding shows that the carbohydrate content was significantly (p < 0.05) higher in roasted cocoa shells (55.85%) compared to unroasted cocoa beans (25.84%), roasted cocoa beans (43.63%), unroasted cocoa shells (44.63%) and unfermented cocoa beans (34.64%). Afoakwa et al. [6] , also reported that the carbohydrate content of Ghanaian unfermented cocoa beans was 15.10% lower than carbohydrate content found in this study (Malaysian unfermented cocoa beans, 34.64%). In addition, our finding shows that the carbohydrate content of Malaysia unfermented cocoa beans (34.64%) was significantly (p < 0.05) higher compared to the unroasted cocoa beans (25.84%). This finding was in agreement with Afoakwa et al. [6] , who stated that the carbohydrate in the form of reducing sugar reduced rapidly in unfermented cocoa beans after fermentation and drying process due to the breakdown of reducing sugars in pulp into energy for the physiological and metabolic activities of the cocoa beans. In contrast, Afoakwa et al. [6] , reported that the carbohydrate in unfermented cocoa beans increased from 15.5 to 24.90% after fermentation and drying process due to gluconeogenesis process that converted lipid to carbohydrate.
Total phenolic content
According to Bruna et al. [33] , total phenolic compounds were considered as bioactive compounds due to their free radical scavenging that have beneficial implications to human health. The result shows that the total phenolic content in Malaysia cocoa bean and cocoa shells ranged from 2.42 to 10.82 µg GAE/ml (Fig. 7) . The total phenolic content was significantly (p < 0.05) higher in unroasted cocoa beans (11.90 µg GAE/ml) followed by roasted cocoa beans (10.93 µg GAE/ml), unroasted cocoa shells (9.056 µg GAE/ ml), roasted cocoa shells (5.947 µg GAE/ml) and unfermented cocoa beans (2.417 µg GAE/ml). However, a study conducted by Fenglin et al. [7] , reported that total phenolic content in harvested Ghanaian cocoa beans ranged between 67 and 149 mg/g. The fact that the cocoa beans stored for a certain period in a chiller and differences in varieties may contributed to the lower value of total phenolic compounds [34] . It has been reported that roasting process using superheated steam decreased the total phenolic compounds for about 24.57% in roasted cocoa beans due to the oxidation and thermal degradation of these compounds [18] . Pigment cells in cocoa cotyledons also have high concentration of polyphenol [35] . The presence of this compound contributed to the change of color from white to deep purple of cotyledons [36] .
DPPH radical scavenging activity
Antioxidant components are valuable micro constituents in foods because they can delay or inhibit lipid oxidation. Basically, antioxidant components involved in scavenging a free radical produced by oxidation [8] . There are many methods used to measure antioxidant activity. In this study, antioxidant activity of Malaysia cocoa bean was measured using DPPH radical scavenging activity. In this method, the purple colour fades rapidly when antioxidant reacts with a proton free radical released by DPPH [8] .
In this study, the DPPH scavenging activity of Peninsular Malaysia unfermented cocoa beans was the highest (92.29%) whereas unroasted cocoa shells shows the lowest DPPH scavenging activity (14.97%). DPPH scavenging activity of unroasted cocoa beans, roasted cocoa beans and roasted cocoa shells are 41.85, 51.64 and 59.30% respectively (Fig. 8 ). According to Arlorio et al. [26] , antioxidant activity of cocoa beans from Arabian and Ghanaian were 85.58 and 96.55% respectively. In addition, it had been reported that antioxidant activity of cocoa shells from Ghana was 66.06%. Previous study also reported that antioxidant activity of cocoa beans was influenced by the different extracting solvents [8] .
Another study also suggested that there was a strong correlation between antioxidant activity and total phenolic compound [37] . Similar study on antioxidant activity using electron spin resonance (ESR) spectroscopy and Folin assay had found positive correlation (r = 0.87) between total phenolic compounds and antioxidant activity [33] . However, our result showed negative correlation (p < 0.05) between TPC content and DPPH scavenging activity with the Pearson value of − 0.786. Our finding was in agreement with Azizah et al. [8] , who reported that high antioxidant activity of cocoa beans could not be related to the total phenolic compounds. Ikram et al. [38] also reported that there was no correlation between antioxidant and total phenolic compounds in flaxseed (Linum usitatissimum). They also added the total phenolic compounds of underutilized fruits in Malaysia shows no correlation with antioxidant activity. The variation of antioxidant activity may be due to high content of reducing agents such as ascorbic acid, mineral and carotenoids in the fruit [39] . Chew et al. [27] also reported that most phenolic compounds reacted slowly with DPPH whereas compounds like ascorbic acid, isoascorbic acid and isoeugenol achieved steady state within a minute. In fact, other ethanol soluble compounds such as methyl xanthines (theobromine and caffeine), minor flavonoids and pigments might influence the DPPH scavenging activity of cocoa extract [8] .
Phytosterol composition
Phytosterol is naturally occurring fat plant which is present in pure or esterified form, or conjugated as glycosides [19] . Figure 9 shows the composition of phytosterol in Peninsular Malaysia unfermented, unroasted, roasted cocoa beans and cocoa shells. This study shows that cholesterol, stigmasterol and β-sitosterol were present in roasted cocoa beans and cocoa shells. However, unroasted cocoa shells contain only stigmasterol (39.57 µg/ml) and β-sitosterol (1.74 µg/ml). For roasted cocoa beans, cholesterol was found in high amount (2353.16 µg/ml) compared to stigmasterol (124.10 µg/ml) and β-sitosterol (0.17 µg/ml). The range of cholesterol, stigmasterol and β-sitosterol found in this study were between 14.11-2353.16, 31.71-128.06 and 0.06-1.74 µg/ml respectively. However, unfermented cocoa beans was found to [40] . Commonly, phytosterol (β-sitosterol, stigmasterol, campesterol, cholesterol) can be found in vegetable products (fruits and nuts) and oils. It was reported that phytosterol (β-sitosterol, stigmasterol, campesterol) in corn oil and palm oil ranged between 800-1500 and 70-100 mg/100 g respectively [41] . According to Romanczyk et al. [40] , the amount of stigmasterol and β-sitosterol in Costa Rica roasted cocoa shells were 572 and 3288 mg/100 g. The study showed that the stigmasterol and β-sitosterol content in roasted cocoa shell were 128.06 and 0.06 µg/ml respectively lower than Costa Rica cocoa shells after converted from µg/ml to mg/100 g. It had been reported that stigmasterol content in Brazil, Ecuador and Indonesia unroasted cocoa beans were 98.76 mg/110 g, 112.25 mg/100 g and 68.23 mg/100 g respectively [21] . In contrast, Malaysia unroasted cocoa beans contained 31.71 µg/ml of Stigmasterol. According to Brufau et al. [41] , species, genetic factors, processing condition, growing and storage conditions will affect the phytosterol content in cocoa beans.
Phytosterol is important because they can reduce blood cholesterol level in human body by minimize the cholesterol absorption in the gut [42] . The study reported that the consumption of 2-3 g/d of phytosterol can reduce about 10% of low-density lipoprotein (LDL) cholesterol [41] . Other function of phytosterol is anti-inflammatory, antibacterial, antifungal, anticeratine and antitumoral activity [43] .
Conclusions
The proximate analysis, phytosterol level, antioxidant activity of unfermented, unroasted, roasted cocoa beans and cocoa shells (different stages of cocoa processing) were studied. The result shows that the crude fiber of unroasted cocoa beans and cocoa shells increased from 17.19 to 28.45% and 13.86 to 16.06% respectively after roasting process. The roasting process is suspected to increase the dietary fiber content of cocoa products due to the interaction between polysaccharides, protein, polyphenolic and Maillard products at high temperature. The total phenolic content in cocoa bean and cocoa shells ranged from 2.42 to 10.82 µg GAE/ ml. The unfermented cocoa beans contain significantly (p < 0.05) higher antioxidant activity (92.3%) compared to other samples. The phytosterol components such as cholesterol, stigmasterol and β-sitosterol were highly present in roasted cocoa beans (2353.16 µg/ml), roasted cocoa shells (128.06 µg/ml) and unroasted cocoa shells (1.74 µg/ml) respectively.
This study shows that composition of Peninsular Malaysia cocoa beans and cocoa shells were significantly (p < 0.05) affected by cocoa processing such as fermentation, drying and roasting. Therefore, it is recommended to control all processes involved in cocoa processing such as period of fermentation and roasting temperature so that the quality of cocoa beans and cocoa shells will not be reduced.
